The distribution of nutrients and chlorophyll-a (Chl-a) in reservoir could provide data for decision making. In-situ measurements were performed in April, June, August and October of 2013 in the Panjiakou, a channel reservoir located in Hebei Province of China. Sampling points of total phosphorus (TP) and total nitrogen (TN) were set at 0.5 m under water surface, 1/2 water depth and near the bottom, respectively, while Chl-a were set according to thermocline. The spatiotemporal variations of TN, TP and Chl-a were studied using Inverse Distance Weighted (IDW) method, and the influence of nutrients on Chl-a was examined using an empirical method. Generally, the peak values of both TN and TP concentrations appeared in October. The TN concentration in the upstream was higher than that in the downstream, while the TP concentration was opposite. High nutrients concentration or low nitrogen to phosphorus ratio (NPR) promoted the increase of Chl-a concentration. However, phosphorus was the limiting element to Chl-a as it had placed greater contribution to NPR than nitrogen. Therefore, limiting phosphorus input is important to improve reservoir water quality.
INTRODUCTION
The ratio of nitrogen and phosphorus provide necessary In this study, monitoring was conducted in the Panjiakou reservoir. Longitudinal and vertical variation of nutrients and Chl-a were also studied based on field measurements.
Moreover, the correlation of the nutrients and Chl-a concentration was examined by using the deviation rate method.
The objectives of this study were to: (i) identify the spatiotemporal variation of nutrients and Chl-a concentration in reservoir domain, and the factors influencing spatiotemporal distribution; (ii) examine the relationship between nutrients and Chl-a and identify the limiting elements of Chl-a.
MATERIALS AND METHODS

Study area
The Panjiakou Reservoir, located in Hebei Province of northern China, is a main part of the 'Project to Divert Luanhe River to Tianjin', which aims to solve water shortage Table 1 .
In the field measurements, the altitude and longitude of the sampling points were measured by GPS. The collected water samples were immediately stored, adding sulfuric acid with pH value between 1 and 2, and taken back to the laboratory for analysis at the same day. The ultraviolet spectrophotometry method was adopted to measure TN concentrations with 7501 ultraviolet spectrophotometer, while the ammonium molybdate spectrophotometric method was used to measure the TP with T6 Xinrui-vis spectrophotometer (CMEP ). Chl-a was tested on site with the 6600V2 portable water quality monitoring instrument (Storey et al. ) .
Sampling points were set according to water depths and the thermocline, located at the middle layer where water temperature (WT) fluctuates drastically, so the number of vertical water sampling points of Chl-a and WT at each section in different periods is diverse (Table 2) .
Spatial interpolation and deviation rate method
Inverse Distance Weighted (IDW) was applied to execute spatial interpolation. The equation is applied as: April 2013  3  11  3  11  3  14  3  13  3  10   June 2013  3  12  3  13  3  15  3  14  3  15   August 2013  3  18  3  18  3  18  3  18  3  18   October 2013  3  16  3  15  3  14  3  15  3  14 where z 0 is the values of interpolation points, z i means the values of sampling points, d i stands for the distance between the sampling points and interpolation points (m), n means the number of sampling points.
To assess the impacts of nutrients on Chl-a, an empirical method was implemented. It can be calculated as:
where S Field survey indicated that cage culture was on the rise at this region in the late 1980s. A large amount of residual feed, organic fertilizer and fish waste were continuously deposited at the bottom of reservoir because they could not be decomposed in a timely manner. Low oxygen concentration at the bottom of the water body made sediment to Chl-b accelerated, which declined the content of Chl-a.
The reason for the low concentration of Chl-a in the upper layer in August was that concentration was measured after a heavy rainfall, making flow velocity and flow rate of Panjiakou reservoir significantly increase, and the interaction between water masses improved.
Possible influences of nutrients on Chl-a
Possible influences of nutrients on Chl-a were examined based on Equation (2). Given that the Chl-a shared good vertical stratification characteristics with water temperature, it is necessary to discuss the relationship of nutrients and
Chl-a at various water temperature conditions ( Figures 3   and 4) . Additionally, since the phytoplankton usually aggregates just underneath or drift on the water surface, the upper layer contributed to the majority of the Chl-a than that of the middle and lower layer (Du et al. a) . Concentration variation rate of Chl-a between two adjacent sections was also calculated to illustrate the change of Chl-a concentration (Table 4) . Results showed that in the middle and lower layers, variation rate of Chl-a changed from À33.9% to 35.5%. In contrast, the variation rate of Chl-a in the upper layer varied from À64.6% to 173.2%, which is greater than the other two layers. This may be because the upper layer received more sunlight and nitrogen stress than the other two layers (Ačet al. ).
Therefore, the relationship of the deviation rates was focused on the upper layer in this study. Statistical results have been summarized to illustrate the relationship of the deviation rates between nutrients and Chl-a ( Figure 5 ). To get a better understanding of the meaning of each quadrant, a schematic was drawn in this study (Figure 5(a) ). Taking an example of TN, area S 1 represents that TN concentration exceeds the annual average value, while Chl-a concentration is also over the annual average value. In this area, the growth of TN concentration plays an important role in promoting the increasing of Chl-a concentration. Area S 2 stands for TN concentration below the annual average value, while Chl-a concentration is over the annual average value. In this area, the decrease of TN concentration leads to an increase of Chl-a concentration. In contrast, in area S 4 TN concentration is over the annual average value, while
Chl-a concentration is below the annual average value, which represents that the increase of TN concentration causes a decrease of Chl-a concentration. S 3 quadrant refers to the Chl-a concentration at a low level in the condition of low TN concentration. Therefore, it can be deduced that low TN concentration would result in the decrease of Chl-a concentration.
The percentage of points falling at each area division in the upper layer was counted to study the relationship of nutrients and Chl-a (Table 5) . Results showed that more than 50% of the points fell into the region S 1 . This indicated that Chl-a concentration is more likely to increase with the increase of TN concentration in the upper layer; those 62.50% of all the points fell into the region S 1 , which showed that TP also presented fertilizing effects on
Chl-a. Besides, other points falling into the area S 4 in the graph of TP and Chl-a implied that negative correlation existed between Chl-a and TP concentrations in this range. However, these points just accounted for 37.5%, which was a minor proportion of the total. It can also be discovered that there were no points falling into areas S 2 and S 3 , showing TP concentration was too large. This may be due to the recession flow from irrigation and aquaculture this year; the plot of NPR and Chl-a showed that 56.25% of the total points fell into the region S 2 , indicating that Chl-a concentration was at a high level in the condition of low NPR concentration. This indicated that the phytoplankton tended to grow at a low NPR condition.
If the concentration of TN and TP were larger than the average value, increasing TP concentration and reducing 
CONCLUSIONS
In this study, significant spatiotemporal variation have been detected. Generally, the peak values of TN and TP both appeared in October. The maximum Chl-a concentration was seen in April, while the minimum was in June. Spatially, the upstream showed large value of both TN and NPR than that of the downstream, while the value of TP showed larger concentration at the downstream than that of the upstream.
Both the nutrients and the NPR did not show significant stratification characteristics vertically. However, vertical stratification were detected in Chl-a. We deduced that the vertical distribution of Chl-a was significantly affected by water temperature. The upper layer aggregated the majority of the phytoplankton, leading to higher value in this layer than the beneath layers.
An empirical method based on deviation rate to annual average value was implemented to study the impacts of nutrients on Chl-a in the upper layer. Both the nitrogen and phosphorus showed fertilizing effects on Chl-a. However, the phosphorus tends to be the restrained elements as it places greater contribution to NPR comparing with nitrogen. Some interesting findings can also prove this conclusion. For instance, in Figure 5 (c), 62.50% of the total points (red points) falling into area S 1 indicated that the growth of TP concentration plays an important role in promoting the increasing of Chl-a concentration. By coincidence, 56.25% of them (blue points) fell into area S 2 in the graph of NPR and Chl-a ( Figure 5(d) ). In this quadrant (S 2 ), the decrease of NPR value led to an increase of Chl-a concentration, which implied that the growth of phosphorus made great contributions to the decrease of NPR value.
The phosphorus was regarded as the main restrictive factor of controlling the growth of algae. To control the Chl-a concentration in reservoir, it is of vital importance to increase the NPR in the upper layer by limiting the phosphorus input, which is an effective measure to improve water quality.
However, there exist some deficiencies in this study, which requires more research into this field. In the further study, it should be considered that reducing how much phosphorus could improve water quality in reservoir using sufficient data. Maybe one good way to do that is to establish graphs between phosphorus concentration (or NPR value) and Chl-a concentration. These graphs can be established to analyze the NPR threshold value of algae in water quality control, by determining the critical value of Chl-a concentration.
